High-volume horizontal hydraulic fracturing (HVHF) in unconventional gas reserves has vastly increased the potential for domestic natural gas production. HVHF has been promoted as a way to decrease dependence on foreign energy sources, replace dirtier energy sources like coal, and generate economic development. At the same time, activities related to expanded HVHF pose potential risks including ground-and surface water contamination, climate change, air pollution, and effects on worker health. HVHF has been largely approached as an issue of energy economics and environmental regulation, but it also has significant implications for public health. We argue that public health provides an important perspective on policymaking in this arena. The American Public Health Association (APHA) recently adopted a policy position for involvement of public health professionals in this issue. Building on that foundation, this commentary lays out a set of five perspectives that guide how public health can contribute to this conversation.
The recent growth of high-volume horizontal hydraulic fracturing (HVHF) to extract natural gas from unconventional gas reserves has been framed largely as an issue of economics and environment. Proponents emphasize the potential to bring prosperity to economically depressed communities and to vastly increase domestic natural gas production, decrease dependence on foreign energy sources, and replace dirtier energy sources, such as coal. At the same time, concerns have been raised that HVHF could result in ground-and surface water contamination, contributions to climate change, and increased air pollution. These concerns have focused attention on the inadequacy of existing regulations to protect the environment in the face of dynamic energy extraction technologies and practices.
Until recently, the public health perspective on this issue has received relatively little attention. Goldstein et al. [1] analyzed state and federal advisory committees related to HVHF in the Marcellus Shale region of the United States and concluded that public health was "missing from the table." But what would it mean to have public health voices "at the table," and what would they say? The American Public Health Association took an important first step by adopting a policy position on HFVH in October 2012, and has finalized a resolution (APHA Policy 20125, http://www.apha.org/advocacy/policy/policy search/default.htm?id=1439). Other public health organizations such as Physicians, Scientists, and Engineers for Healthy Energy (http://www.psehealthy energy.org) are currently working on similar actions. In this commentary, we lay out a framework for the role of public health in decisions related to HVHF in the United States.
The public health framework for addressing issues that affect people's health is holistic, multidisciplinary, and oriented toward prevention. Bringing this perspective to the issue of HVHF may help identify areas of concern that are not encompassed by existing environmental regulations. In contrast to the lack of public health expertise among the membership of HVHF advisory committees, Goldstein et al. note that in one public hearing, nearly two-thirds of speakers mentioned health [1] . Thus, framing HVHF as an issue of public health may also help decision-makers address the public's concerns. Perhaps most importantly, the public health perspective has the potential to guide policy and management despite the persistent uncertainties about impacts of HVHF. Principles of public health emphasize the need for transparency in research and policy, a precautionary approach in the face of uncertainty, baseline and continued monitoring, and adapting management as understanding of risks increases.
This commentary considers the entire life cycle of, and processes involved in, the expansion of HVHF, including site preparation, drilling and casing, well completion, production, processing, transportation, storage and disposal of wastewater and chemicals, sand mining, and site remediation. The rapid socioeconomic changes, scale of development, and pace of extraction made possible by HVHF could affect health directly or indirectly through changes in vehicular traffic, community dynamics, unequal distribution of economic benefits, demands on public services, health care system effects, impacts on agriculture, and increased housing costs. At the same time, economic growth resulting from HVHF may contribute to improvements in individual health status, health care systems, and local public health resources. The public health perspective also requires assessing the long-term and cumulative impacts of this dispersed-site extractive industry, as well as the distribution of these impacts, particularly within low-income rural populations.
HEALTH AND HVHF: OVERVIEW OF THE POTENTIAL IMPACTS
As discussed in this special issue of New Solutions, high-volume horizontal hydraulic fracturing in unconventional gas reserves (often referred to as "fracing" or "fracking") has expanded rapidly since 2007 [2] . HVHF is a technology that injects water, solids, and fluids into wells drilled into the earth's crust as a means to enhance the extraction of natural gas from deep geologic formations, primarily shale, tight sands, and coal seam gas that underlie many regions of the United States [3] . Important unconventional natural gas reserves in the United States include: Barnett (Texas), Fayetteville (Arkansas), Haynesville (Louisiana and Texas), Antrim (Minnesota, Indiana, and Ohio), Marcellus (New York, Pennsylvania, and West Virginia), Bakken (North Dakota), Woodford (Oklahoma), and Eagle Ford (Texas). The basic technology of hydraulic fracturing has existed since the 1860s. However, its recent expansion arose from technological innovations that allowed for horizontal drilling, facilitating greater access to gas in certain shale formations than conventional wells provide. HVHF also uses vastly greater quantities of water and chemicals than conventional operations. These horizontal wells are often hydraulically fractured in a number of stages, greatly expanding the potential duration and scale of impacts at each individual site [4, 5] .
The rapid expansion of HVHF, both in communities with a long history of natural gas development and in those with limited natural gas industry experience, has the potential to impact public health in numerous ways [1, 6] . These impacts range from direct health impacts for workers or residents who are exposed to harmful chemicals in air, surface water, or groundwater, to indirect effects such as those resulting from rapid community change (e.g., increased traffic and demand for housing), as well as off-site impacts, such as mining the sand required for the HVHF process. Some of these impacts may be positivefor example, from economic growth resulting in better nutrition and health care-while others may be negative.
The distribution of these health impacts varies by proximity to drilling operations, involvement in the industry (worker, property owner, neighboring community member), individual characteristics (children versus adults, asthmatics, etc.), and income (e.g., low income people may be more adversely affected by inflation of housing rental rates). Unequal distribution of benefits may contribute to community conflict and stress, thus indirectly affecting health [7] . Below, we summarize some of the potential health impacts of HVHF in greater detail to set the stage for considering the role of public health in anticipating and managing risks.
Surface and Ground Water Quality
Impacts on water quality and quantity are some of the most highly publicized environmental effects of HVHF with potential human health consequences [8, 9] . HVHF increases the amount of fresh water used by each natural gas well by as much as 100 times the quantity used in conventional drilling [10] . Additionally, wells can be hydraulically fractured more than once, each time using up to 5 million gallons of water [11, 12] . Between 25 and 100 percent of the fluids used in drilling may return to the surface; these "flowback" or "produced" fluids may contain hydraulic fracturing chemicals, as well as heavy metals, salts, and naturally occurring radioactive material (NORM), from below ground [13] . Therefore, this water must be treated, recycled, or disposed of safely [14] .
The chemicals and proppants that are added to the water used in HVHF have raised public health concerns related to surface water and groundwater quality [2, 15] . Chemical additives used in fracturing fluids typically make up less than 2 percent by weight of the total fluid [16] . Over the life of a well this may amount to 100,000 gallons of chemical additives. These additives include proppants, biocides, surfactants, viscosity modifiers, and emulsifiers. The chemicals vary in toxicity. Some are known to be safe. However, others are known or suspected carcinogens, endocrine disruptors, or are otherwise toxic to humansincluding silica, benzene, lead, ethylene glycol, methanol, boric acid, and gamma-emitting isotopes [16] . Manufacturers of hydraulic fracturing fluids are allowed to protect the precise identity and mixture of the fluids under "proprietary" or "trade secret" designations. From a public health perspective, this prevents effective baseline monitoring prior to hydraulic fracturing, as well as documenting of changes over time. In addition, without this information, it is difficult to apprise workers and the public of potential health hazards.
The manner in which wastewater from HVHF is handled and treated is another water quality concern. The disposal methods used for the "produced water" and brine extracted from the shale have the potential to affect the water quality of lakes, rivers, and streams, damage public water supplies, and overwhelm public wastewater treatment plants [17] . Surface water may be contaminated by leaking on-site storage ponds, surface runoff, spills, or flood events. Even if contaminated surface water does not directly impact drinking water supplies, it can affect human health through consumption of contaminated wildlife, livestock, or agricultural products [18] .
Disposal through class II injection wells has traditionally been the primary option for oil-and gas-produced water [19] . Several recent earthquakes near Youngstown, Ohio, were linked to deep injection of HVHF wastewater, raising concerns about this practice under certain geologic conditions [20] . Produced water has also been treated in self-contained wastewater treatment systems at well sites, through local municipal wastewater treatment plants, and by commercial treatment facilities [14] . Because most municipal wastewater treatment plants cannot adequately treat wastewater from HVHF, some states (such as Pennsylvania) require treatment at industrial waste treatment plants [21] . However, the quantity of wastewater needing treatment and the capacity of existing plants to properly treat these wastes may be an issue in some areas [17] . For example, in Pennsylvania brine from HVHF has been permitted to be sprayed for road maintenance purposes, raising concerns about contamination of surface waters [21] .
The potential for HVHF to cause methane to seep into drinking water supplies has received considerable media attention [10, 22] . While many of the assertions regarding flammability of drinking and surface water have yet to be substantiated, a study published in the Proceedings of the National Academies of the Sciences indicates that drinking-water wells within a one-kilometer radius of a drilling site have methane concentrations 17 times higher than wells outside of a one-kilometer radius [23] . The potential for health impacts from human exposure to methane released into household air from domestic water use is not well understood [23, 24] .
Finally, on a local basis, using large volumes of fresh water for HVHF may consume a scarce commodity needed for agriculture, recreation, wildlife, environmental recharge, and drinking water supplies. Disrupting or displacing these pre-existing uses could have additional indirect public health impacts. Drilling fluids that do not return to the surface and remain below ground are effectively removed from the surface water cycle. Especially in areas with limited water resources, the impact of HVHF on the quantity of surface water available for other uses related to public health is a concern. Technological developments, such as gel-based fracking or closed-loop systems, could reduce water use in the future; however, the current practice of HVHF is water-intensive [25] .
Air Quality
Globally, replacing coal with natural gas may result in reduced air pollution. However, combustion connected with extraction processes and fugitive emissions may increase air-quality-related health problems in HVHF production areas. Levels of ozone (including wintertime ozone) and concentrations of particulate matter (PM 10 and PM 2.5 ) have been found to be elevated near gas activity [26] . Wintertime ozone caused by the release of volatile organic compounds (VOCs) mixed with the conditions of sunlight and snow cover has been noted in Utah, New Mexico, and Wyoming. Hydrocarbon emissions from gas drilling activity have also been found to be high in Colorado, where researchers found that twice as much methane was being leaked into the atmosphere from oil and gas activity as was originally estimated [27] . Researchers in Colorado have documented a wide range of air pollutants near an HVHF operation [28] . One study has found that residents living near well pads have a higher risk of health impacts from air emissions than those living farther away [29] . Domestic animals may also be affected [18] .
Quality of Life
Noise and light have been cited as health concerns for residents and animals living near drilling operations [30, 31] . Excessive and/or continuous noise, such as that typically experienced near drilling sites, has documented health impacts [32] . According to community reports near these sites, some residents may experience deafening noise; light pollution that affects sleeping patterns; noxious odors from venting, gases, and standing wastewater; and livestock impacts [33] . Both noise and light can contribute to stress among residents.
Expansion of HVHF in rural communities may result in significant rapid population changes. These changes may create health care needs that overwhelm the capacity of existing public health systems to care for existing populations. Similarly, both the number and nature of emergency response resources needed in local communities may increase due to accidents, blowouts, or spills at drilling sites, as well as accidents during the transportation of supplies and waste through rural communities. Some areas have reported inadequate emergency medical services (EMS) training and insufficient communication between drilling operators and emergency responders. Pipeline construction and maintenance may also pose security and safety issues [34] .
In addition to these environmental health threats, the rapid socioeconomic changes, scale of development, and pace of extraction made possible by HVHF may impact health. HVHF has the potential to significantly change the nature of communities, particularly in rural areas [34] . There have been reports of increased crime associated with the influx of natural gas workers [35, 36] . A study by the County Commissioners Association of Pennsylvania found that Pennsylvania was experiencing deficits in emergency management and hazardous materials response planning in drilling areas; courts and corrections impacts; human services burdens in areas such as drugs and alcohol, domestic relations, and children and youth; and effects on affordable housing, among others [37] . The stresses of social change, uncertainty, isolation, inadequate housing and infrastructure, and substandard services may combine in ways that significantly affect communities' quality of life [33] . Chronic psychological stress has been linked to respiratory health, both independently and in combination with air pollution exposures [38] . Therefore, social stressors, such as those seen with the changes that natural gas drilling brings to an area, may have a cumulative impact on public health.
Worker Health
Historically, natural gas extraction has been a dangerous occupation [39] . Many of the safety issues involved are well understood and regulated. According to the Bureau of Labor Statistics (BLS), transportation incidents are consistently the leading cause of fatalities, followed closely by contact with equipment [40] . However, the rapid pace and geographic scope of expansion into remote locations inhibits monitoring of worker protection at drill sites [41] . This environment creates significant challenges for protecting oil and gas extraction workers.
The industry is characterized by a high rate of fatal injury when compared to all U.S. industries. Worker safety in this industry is highly variable, both over time and across individual companies. The risk of fatality is higher among workers employed by contractors and small companies [42] . During times of high demand, the number of small companies and inexperienced workers entering the industry increase. The annual rate of fatalities is also associated with the number of drill rigs in operation [42] . This pattern of risk suggests particular attention should be paid to small operations during periods of rapid industry expansion, especially in rural areas with roadways unsuited to industrial traffic.
In addition to risks typical of the oil and gas industry, there may also be unique worker health concerns associated with HVHF, such as the potential for exposure to chemical constituents of hydraulic fracturing fluids, diesel exhaust, BTEX (benzene, toluene, ethylbenzene, and xylenes), particulate matter (PM), glutaraldehyde, and the sand used as a proppant that have not been fully characterized and are still poorly understood [43] .
Sand Mining and Transport
HVHF operations typically involve hundreds of thousands of pounds of "frac sand," the sand used as proppant during the hydraulic fracturing process. Transporting, moving, and filling thousands of pounds of sand onto and through sand movers, along transfer belts, and into blenders generates dust containing respirable crystalline silica. Inhalation of fine dusts of respirable crystalline silica can cause silicosis [35] . Crystalline silica has also been determined to be an occupational lung carcinogen [44] . This exposure is of concern for workers and also for other individuals near the mining operations and well pads.
The National Institute for Occupational Safety and Health (NIOSH) recently collected air samples at 11 different HVHF sites in five different states (AR, CO, ND, PA and TX) to evaluate worker risks, including exposure to crystalline silica [43] . At each of the 11 sites, NIOSH consistently found levels that exceeded relevant occupational health criteria (e.g., the Occupational Safety and Health Administration (OSHA) Permissible Exposure Limit (PEL) and the NIOSH Recommended Exposure Limit (REL)). At these sites, 47 percent of the samples collected exceeded the calculated OSHA PELs; 79 percent of samples exceeded the NIOSH RELs. The magnitude of the exposures is particularly important: 31 percent of samples exceeded the NIOSH REL by a factor of 10 or more. This study indicates that hydraulic fracturing workers are potentially exposed to inhalation health hazards from dust containing silica when open air mixing of sand is done on site.
There may also be impacts on workers and communities affected by the vastly increased production and transport of sand for HVHF in other areas of the country. NIOSH concluded that there continues to be a need to evaluate and characterize exposures to these and other chemical hazards in hydraulic fracturing fluids, which include hydrocarbons, lead, naturally occurring radioactive materials (NORM), and diesel particulate matter [26, 43] .
Climate Change
Uncertainty remains over the potential for HVFH to affect climate change. Climate change is predicted to significantly affect health in numerous direct and indirect ways [45] . Natural gas is more efficient and cleaner-burning than coal. When burned, natural gas releases 58 percent less carbon dioxide (CO 2 ) than coal and 33 percent less CO 2 than oil [46] . Because of that, natural gas has been promoted as a transitional fuel to begin a conversion to greener energy such as wind and solar [11, 47] . However, some projections suggest that obtaining natural gas through HVHF actually produces more greenhouse gas emissions than does coal production and burning [48] . The impacts of HVHF on overall greenhouse gas emissions depend on actual fugitive emissions, the quantity of fossil fuels combusted during production processes (by compressors, trucks, machinery, etc.), and whether natural gas produced by HVHF reduces the use of other more greenhouse-gas-intensive fuels. Burning natural gas obtained through HVHF will result in a net increase of greenhouse gas emissions over time if it simply delays the burning of coal reserves.
The list of potential public health impacts outlined above is not comprehensive. However, it provides an overview of the diversity, extent, and nature of the issues that might be addressed by taking a public health perspective on HVHF. It is clear that while natural gas extraction is a long-standing and important part of our nation's energy portfolio, the rapid implementation of large-scale HVHF in many parts of the country has presented a new industrial, environmental, and land use development pattern with significant potential for public health effects.
PUBLIC HEALTH RESPONSE
In 2008, Howard Frumkin and colleagues set forth a framework for public health responses to the challenge of climate change [45] . Both climate change and HVHF are usually considered issues characterized by tradeoffs between economic growth and environmental protection. As a policy problem, climate change is similar to the rapid expansion of HVHF in several key ways, including wide-ranging uncertainties, the potential for impacts in diverse sectors, and the need to address the issue through multidisciplinary investigation and at local, state, and federal levels (as well as internationally). For both issues, public health brings an important perspective, and public health professionals have an important role to play. Here, we adapt Frumkin's framework for climate change to the issue of HVHF to provide guidance for a constructive role for public health in future practice and policy. These perspectives are also salient for the many challenges facing public health professionals in addressing HVHF. Below, we discuss each perspective in turn as a source of guidance for what public health voices can add to the ongoing public dialogue about managing HVHF to promote the public good.
Central to each of these perspectives is the uncertainty surrounding the potential impacts of HVHF. Uncertainty is frequently cited as one of the primary barriers to determining whether-and if so how-HVHF can be managed in a manner that promotes public health. While instances of health problems have been reported in various communities where HVHF has occurred across the country, to date there has been little peer-reviewed literature on the nature or extent of these impacts [18] . This dearth of research is due to the limited number of years HVHF has been practiced, as well as to fundamental challenges in studying its health impacts. These include the lack of identified unique health indicators, latency of effects, limited baseline and monitoring data, cumulative impacts, low population densities, and, in some cases, industry practices and non-disclosure agreements that limit access to relevant information. Understanding of health effects is further complicated by the variations in HVHF operations geographically and over time. Many of these significant uncertainties are unlikely to be overcome in the foreseeable future. However, the public health community has extensive experience in situations that are rife with unknowns. The precautionary principle is often invoked to guide decision-making, so as to prevent suspected environmental or health risks when there is significant uncertainty. The theme of taking action despite remaining uncertainties carries through each of the principles discussed below.
Prevention
As Frumkin et al. [45] point out, public health professionals distinguish between primary prevention (taking action to avoid a harm) and secondary prevention (anticipating and taking action to reduce existing impacts). Principles of prevention suggest that public health professionals should urge federal, state, and local environment, health, and development agencies to adopt a precautionary approach in the face of uncertainty regarding the long-term environmental health impacts of HVHF. Such an approach might include:
• discouraging the use of chemicals or chemical mixtures with unknown health effects, particularly those with the potential for long-term or endocrinedisrupting potential, and favoring safer substitutes; • requiring gas development companies to disclose and receive approval of the chemicals proposed in each HVHF operation, before drilling and completion; • conducting baseline monitoring of air quality, water quantity and quality, land resources, and human health before drilling begins, throughout the extraction process, and after active operations cease; • modeling and predicting cumulative environmental health impacts under various extraction scenarios; • conducting health impact assessments that address multiple health effects at a local and regional scale prior to expansion of HVHF; • insisting on the use of commonly accepted industry best practices to lower worker exposures, for example, dust controls, traffic control plans, closed chemical delivery systems, reduced worker exposure to produced water, and employer provision of personal protective equipment (PPE), training and monitoring; • proceeding at a scale and pace that allow for effective monitoring, surveillance, and adaptation of regulation to anticipate/prevent negative health effects; and • should negative health or environmental effects be observed, ceasing extraction until further evidence indicates that operations may resume safely.
Geological, geographic, climatological, technological, economic, social, and political differences between communities in which HVHF occurs result in widely varied potential for health impacts. The public health community should advocate for planning and policy approaches that take into account this variability.
Risk Management
The framework of risk management guides the systematic identification, assessment, and reduction of risks. Public health professionals should advocate for and participate in efforts to manage the risks of HVHF. These efforts should examine the full life cycle of the process at local, regional, and global levels.
This implies explicitly modeling the cumulative impacts of HVHF over time. For example, individual drilling operations are unlikely to produce enough pollution to trigger regulation under existing environmental laws. However, the cumulative impacts of emissions from drilling-associated activities at multiple sites may create significant public health threats for local communities or regions. Therefore, projections of aggregate emissions under expected extraction scenarios should be the basis for regulation of individual sources. Overall density and projected development over time should be considered.
Air pollution is just one type of impact to which the risk management approach should be applied. Health impact assessment (HIA) provides a framework for identifying and prioritizing multiple impacts. Only one HIA of HVHF has been conducted to date, and public health professionals and others have advocated for additional HIAs to be conducted in other areas [30] .
Co-Benefits
Frumkin et al. invoke the principle of co-benefits to guide a public health response to climate change [45] . Co-benefits result when actions yield benefits in multiple arenas. Focusing on actions with co-benefits is particularly appropriate when resources are limited and uncertainties are high.
Public health professionals can look to the list of 10 essential services of public health, developed by the Public Health Functions Steering Committee in 1994 (see Figure 1 ) to help identify actions within their purview that may both reduce risks from HVHF and benefit health in other ways [49] . For example, monitoring private drinking water wells for baseline data prior to the onset of HVHF may identify pre-existing drinking water quality problems that would otherwise have gone undetected. Community partnerships forged to address the issues raised by HVHF may also be able to confront other local environmental public health problems. Training public health professionals, health care providers, and emergency responders to deal with potential spills, explosions, or accidents related to HVHF may improve local capacity to respond to other types of public health emergencies.
Economic Impacts
Public health planning aims to protect the public at the lowest possible cost. In the case of HVHF, this suggests the following:
• Both long-and short-term costs and benefits should be considered. The history of environmental health includes many examples of long-term remediation costing more than prevention. • The timing of HVHF has major implications for the economics of shale gas extraction because of expected changes in the price of natural gas. Policies regarding HVHF should explicitly compare tradeoffs between the economic, strategic, public health, and global climatological implications of energy alternatives under different extraction scenarios over the long term. • The distribution of costs and benefits from HVHF is highly variable. While HVHF undoubtedly brings economic growth, the benefits do not accrue equally within communities, nor do the burdens. Because of public health's focus on eliminating health disparities and the close association between economic and health status, the distribution of economic impacts has public health implications. • The impacts of the boom-and-bust cycle of economics associated with extraction of nonrenewable resources like shale gas has significant implications for community health over the long-term. • Many economic costs are not included in simple calculations of jobs and economic growth generated by new industry. These externalities may include losses to existing businesses (tourism, agriculture, etc.), damage to roads and increased costs of road maintenance, and days of work or school missed by asthmatics who suffer more when air pollution increases.
For these reasons, public health professionals should advocate for economic analyses that account for long-term costs, identify externalities, and clarify the distribution of costs and benefits. Such analyses may provide a basis for designing fee structures, prioritizing research needs, creating monitoring systems, and developing public health programs that reflect the true costs and benefits of HVHF. 
Ethical Issues
The ethics of public health have been codified into 12 "principles for practice." In addition, Frumkin et al. [45] point to several ethical foundations that may inform public health responses in a given situation. Building on these principles, ethical considerations relevant to the public health perspective on HVHF include:
• Future generations: As noted above, the potential long-term costs of environmental and health damage should be considered. Given the long latency of diseases like cancer, intergenerational impacts of endocrine disruptors, and slow migration of groundwater, it is appropriate to advocate for a long-term perspective on health effects of HVHF. • Vulnerable populations: Some individuals or populations may be more vulnerable to environmental health impacts of HVHF. Children, the elderly, and those with existing disease (for example, asthma) may be more susceptible to impacts such as air pollution. Workers (both on-site and in related industries) are another population that may be particularly affected due to their proximity to operations. • Environmental justice: Public health ethics point to protection of those who have fewer resources to avoid or mitigate impacts, already bear disproportionate environmental risks, or have historically lacked a voice in policy decisions. By this definition, isolated and economically disadvantaged rural communities are of concern as a whole, and lower-income members of these communities may need particular consideration. • Public participation: Informed, ongoing, and meaningful participation by affected communities is often advocated as a strategy to promote ethical decision processes and outcomes. Public health professionals have the tools and experience to communicate information, develop partnerships, and process the public's input in a meaningful way. The extent of public concern about health in discussions of HVHF points to the importance of public participation in decisions on this issue.
Public health professionals have a role to play in making sure that these ethical principles are considered in decision-making related to HVHF.
CONCLUSIONS
Natural gas development is regulated under local, state, and federal land use and environmental laws. However, implementing new natural gas extraction technologies on a large scale poses potential public health threats that existing regulatory systems may not adequately anticipate, monitor, or protect against. Therefore, it is essential that public health professionals be included in deliberation of administrative, programmatic, and policy approaches to natural gas extraction at all levels of government. Federal, state, and local commissions and agencies charged with regulating the natural gas industry should include strong representation by professionals with training and experience in public health. In addition, the role of local and state public health professionals in responding to public health concerns arising from HVHF should be recognized and supported accordingly.
Training of local health departments, health care providers, and occupational health centers, as well as open ongoing communication between health professionals and the gas extraction industry, are essential to protecting worker and public health. The implementation of new natural gas extraction technologies, continual changes in the gas development industry, rapid growth of drilling operations in new areas, and variations in operations between companies pose significant challenges for occupational health. Public health professionals should support training for workers and local health care providers to anticipate these challenges and the provision of resources to subsidize these additional needs.
There are clearly many uncertainties surrounding the nature, distribution, and extent of health effects from HVHF. However, as Frumkin et al. [45] note, "Preparedness often occurs in the face of scientific uncertainty." Based on past experiences with emergency response, offshore oil and gas production, nonpoint sources of air and water pollution, and occupational health, public health professionals have a wealth of experience relevant to many aspects of HVHF. Policies that anticipate potential public health threats, use a precautionary approach in the face of uncertainty, provide for monitoring, and promote adaptation as understanding increases may significantly reduce the negative public health impacts of this approach to natural gas extraction.
To help accomplish this goal, the public health workforce should become better educated about natural gas development and its potential for public health impacts. In particular, local public health agencies in areas of active natural gas development should receive adequate resources to support education, outreach, surveillance and monitoring, needs assessment, and prevention activities related to natural gas extraction. Federal and state legislatures should provide funding for the training and staffing of local public health agencies in areas of active natural gas development. Public health professionals should also reach out to health care providers and community partners to increase their capacity and involvement in this area.
Such awareness, education, and support may help public health professionals more actively engage in protecting public health from the potential impacts of HVHF. Policy position statements such as that recently adopted by the APHA provide a platform from which public health professionals can continue to engage in decision-making processes related to HVHF. This special issue of New Solutions offers additional information and inspiration for next steps. 
